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Introduction
Winter sorghum has been a promising crop for grain production between soybean crops in the Center-West region of Brazil because it has similar nutritional value to maize, lower production costs, and good adaptation to different environments (Baumhardt et al., 2005; Dan et al., 2010) , including those with water deficits (Cysne & Pitombeira, 2012) .
The state of Goiás in Brazil has been a major producer of sorghum in the country, with sorghum crops covering areas of high (>600 m) and low (<600 m) altitudes. However, in the last decade, sorghum grains have been increasingly produced for the agro-industries of the Southwest region of the State, denoting the need of alternatives for the maintenance of straw production for the no-tillage system. Winter grasses are important for the implementation and feasibility of the no-tillage system because they have low decomposition rate, and present longer maintenance of straws on the soil surface (Torres et al., 2008) .
The intercrop of sorghum with grass species is a promising system that allows the production of grains and biomass in the winter (Mateus et al., 2011; Horvathy Neto et al., 2012; Silva et al., 2013; 2015) . Moreover, this biomass can be used as forage Silva et al., 2014) . This system generates abundant Com. Sci., Bom Jesus, v.9, n.3, p.340-350, Jul./ Sep. 2018 root system due to the grass species, contributing to water infiltration and soil aggregation and aeration (Kluthcouski et al., 2004; Silva et al., 2007) . However, the intercropping of winter grass species with sorghum must consider a grass seed density that avoids its competition with the cereal, regardless of the altitude of the area.
Thus, the objective of this study was to identify the more adequate seeding system and seed density for Urochloa ruziziensis intercropped with sorghum between soybean crops to obtain high grain and biomass yields with these species and evaluate the performance of the subsequent soybean crop.
Material and Methods
Field experiments were conducted in the winter of 2015, in areas with high and low altitudes, Rio Verde GO (17°47'23.9"S; 50°57'41.5"W; and 758 m of altitude) and Santa Helena de Goiás GO (17°50'41.1"S; 50°36'51.0"W; and 580 m of altitude), respectively, in Brazil. The soils of the experimental areas were classified as dystrophic Red Latossolo (Oxisol), which were cultivated with summer soybean crops in no-tillage system for 11 (Rio Verde) Weeds were controlled after soybean harvest at seven days before the implementation of the treatments with application of 1,189 g a.e. Individual and combined analysis of variance of the intercrop and monocrop systems were carried out. Significant means were compared by the Tukey's test at 5% probability for the intercrop system, and by regression analysis for the seeding densities of U. ruziziensis. The means of the intercrop treatments were compared with those of the respective monocrops (controls) by the Dunnett's test at 5% probability.
Results and Discussion
The intercrop of sorghum with U.
ruziziensis using inter-row seeding resulted in a higher sorghum grain yield than that using inrow seeding (Table 1) . This was probably due to the lower competition between species for water, light, nutrients, and physical space in the initial development stage of the sorghum plants. Moreover, U. ruziziensis plants had slower emergence compared to sorghum, delaying the possible competition between these species.
Similar results for grain production with this seeding system have been reported using grass species intercropped with sorghum and maize (Borghi & Crusciol, 2007) .
In the experimental area of Rio Verde GO, only the highest seed density of U. ruziziensis in the intercrop using in-row seeding reduced sorghum grain yield compared to the control (Table 1) . The highest seeding densities of U.
ruziziensis using inter-row and broadcast seedings had no effect on sorghum grain yield. A greater number of plants of grass species can result in greater biomass production in the winter.
The other treatments presented similar sorghum grain yields to the control (Table 1) .
This confirms the feasibility of the winter sorghum intercropped with U. ruziziensis in the Cerrado biome, even using a high seeding density for the grass species. Similar result was found in other studies using lower seeding density for the grass species (Mateus et al., 2011; Horvathy Neto et al., 2012; Silva et al., 2013; 2015) .
The competition between the species used affected the plant height when using in-row seeding. Moreover, the plant competition generated a lower dry matter yield of sorghum crops in Rio Verde, compared to the control (Table 1) , when using the highest seeding densities of U. ruziziensis with in-row, and broadcast seeding when using 8 viable seeds m -2 , and with all sowing systems when using 10 viable seeds m -2 . The Santa Helena de Goiás area presented no significant differences in dry matter yield of sorghum due to its higher soil fertility (higher The dry matter yield of U. ruziziensis increased linearly in the intercrop ( Figure 2A) and monocrop ( Figure 2B ) systems in both experimental areas with increasing seeding density, as observed by Ceccon et al. (2009) in intercrops of maize with grass species. The absence of sorghum plants in the monocrops of U. ruziziensis resulted in a higher dry matter yield of this grass species. * 1 Means differ significantly by the Dunnett's test at 5% probability from the control treatments. * 2 Means followed by the same letters in the column do not differ by the Tukey's test at 5% probability. Pariz et al. (2011) evaluated an intercrop of maize with U. ruziziensis and found lower competition between the species when using broadcast seeding for the grass species, compared to the in-row seeding, resulting in a higher dry matter yield for the grass species. The dry matter yields of U. ruziziensis using in-row and inter-row seeding were lower than that using broadcast seeding in Santa Helena de Goiás.
Similar result was found by Chioderoli et al. (2010) .
Most U. ruziziensis seeds were not incorporated into the soil when using broadcast seeding; it may have hindered the establishment of the plants.
This affected negatively the dry matter yield of Figure 2 . Regression analysis of dry matter yields of winter Urochloa ruziziensis intercropped with sorghum (DMYI) (A) and as monocrop (DMYM) (B) with five seeding densities at 101 days after the sorghum harvest in Rio Verde GO, and Santa Helena de Goiás GO, Brazil, 2015. this species, since seeding density is related to shoot biomass accumulation, regardless of the seeding system used.
The production of biomass in the intercrop areas differed from that of control areas. The total dry matter yields of the intercrops were lower than those of the respective U. ruziziensis monocrops and higher than that of the sorghum monocrops, in both experimental areas ( Table   3 ). The greater rainfall volume in the first months of the experiment, especially in Santa Helena de Goiás, resulted in a greater development of the monoculture of U. ruziziensis; it was even greater with the increases in seeding density. This explains the better performance of U. ruziziensis in all treatments when compared to the sorghum monocrop.
The highest total dry matter yields were found when using the density of 10 viable seeds m -2 of U. ruziziensis in monocrop (Table 3) and intercrop with sorghum in Santa Helena de Goiás ( Figure 3A) , resulting in greater soil plant coverage ( Figure 3B ). Therefore, increasing winter U. ruziziensis seeding density in intercrop with sorghum increases the dry matter yields, in the Cerrado biome, region that presents less precipitation during winter. These increases increase the biomass production and soil plant coverage, which may favor the maintenance of the no-tillage system (Silva et al., 2013; 2015; Borges, et al., 2016) .
The occurrence of precipitation during the cycle of the crops, and lower precipitation after sorghum harvest increased the biomass production. Thus, the soil plant coverage of most areas with intercrop was greater than those with sorghum monocrop (Table 3) Means differ significantly by the Dunnett's test at 5% probability from the control treatments of U. ruziziensis and sorghum, respectively. * 3 Means followed by the same lowercase letters in the column and uppercase letters in the row do not differ by the Tukey's test at 5% probability.
Therefore, increasing seeding density of winter U. ruziziensis in intercrop systems can increase the production of biomass of plants.
However, the choice for these systems must consider whether grass seeding densities above the rates evaluated in the present work increase dry matter yields without decreasing sorghum grain yield.
The results found in the present work showed that the intercrop of winter sorghum with (Table 4 ). The plant height is dependent on the stem elongation towards light (Benicasa, 2004) . This explains the higher biomass production of treatments with higher seeding density, and with inter-row seeding of the grass species in the intercrop with sorghum, when compared to the controls.
The intercrops with seeding densities of 4 viable seeds m -2 of the grass species using in-row seeding decreased the grain yield of soybean plants; and the intercrop with seeding densities of 2 viable seeds m -2 using broadcast seeding decreased the 1000-grain weight of soybean plants when compared to the controls (Table   4 ). The higher dry matter yield of the monocrop probably improved the soybean grain yield but did not affect the 1000-grain weight.
The similar dry matter contents produced in the intercrop and monocrop systems denote their suitability for the maintenance of notillage systems. Great biomass productions also allow better control of weeds, soil moisture maintenance, and soil erosion protection. Thus, increasing seeding density of U. ruziziensis for intercrop with sorghum is a sustainable practice for agricultural systems in the Cerrado biome.
Conclusions
The intercrop of sorghum with U. ruziziensis does not decrease sorghum grain yield when using seeding densities of up to 8 viable seeds m -2
for the grass species for in-row seeding, and up to 10 viable seeds m -2 for broadcast and inter-row seedings, regardless of the altitude of the area.
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The dry matter of the intercrop of sorghum with U. ruziziensis does not affect soybean grain yield.
